III levels at baseline (p ! 0.05, r = 0.74). Treatment with candesartan did not correct abnormalities. Conclusions: Patients with ARVD treated with statins have an atherogenic lipoprotein profile characterized by elevated levels of ApoC-III-containing, triglyceride-rich lipoproteins that could accelerate atherosclerotic disease.
Introduction
Renal artery stenosis (RAS) is mainly caused by atherosclerosis, and cardiovascular (CV) mortality in patients with atherosclerotic RAS (ARAS) is high [1, 2] . In addition, the presence of RAS is a strong independent predictor of mortality, and increasing severity of RAS has an incremental effect on mortality in patients undergoing coronary angiography [3] . The reason for the increased CV mortality in this patient group is most likely multifactorial and may at least partially be a consequence of the generalized atherosclerotic burden. Still, other risk factors such as reduced glomerular filtration rate (GFR) [1] and dyslipidemia [4] may also be involved. In patients with atherosclerotic renovascular disease (ARVD), dyslipidemia could obviously be a primary event leading to the development of peripheral stenotic lesions involving renal arteries. However, dyslipidemia can also develop as a consequence of reduced GFR (i.e. renal dyslipidemia) [5] and may thus be superimposed on primary ARVD. Notably, renal dyslipidemia is not always reflected in hyperlipidemia but in altered concentrations of individual lipoprotein subclasses classified according to their apolipoprotein (Apo) composition [6] [7] [8] . Renal dyslipidemia is characterized by the accumulation of atherogenic ApoB-and ApoC-containing lipoproteins [7, 8] and could hence add to pre-existing perturbations of lipoprotein metabolism. The classification system of lipoproteins recognizes two classes, one of which is characterized by ApoA and the other by ApoB as the major lipoprotein constituents. The former lipoprotein class consists of two major lipoprotein subclasses, lipoprotein A-I (LpA-I) and lipoprotein A-I:A-II (LpA-I:A-II), whereas the latter encompasses five major subclasses called lipoprotein B (LpB), lipoprotein B:E (LpB:E), lipoprotein B:C (LpB:C), lipoprotein B:C:E (LpB:C:E), and lipoprotein A-II:B:C:D:E (LpAII:B:C:D:E) [6, 9] . In addition to their unique apolipoprotein composition, each of these lipoprotein subclasses has specific metabolic and functional properties [6, 9] . Furthermore, previous studies have indicated that ApoB-containing lipoprotein subclasses may differ in their atherogenic capacities [6, 10, 11] and ApoA-containing lipoproteins in their antiatherogenic potentials [6, [12] [13] [14] . While lipoprotein subclasses have been analyzed in detail in patients with chronic kidney disease (CKD) [7, 8, 15, 16] , such analyses have to our knowledge not been carried out in patients with ARVD.
The primary aim of the present study was to characterize abnormalities in apolipoprotein-defined lipoprotein subclasses in patients with ARVD who had undergone percutaneous transluminal renal angioplasty (PTRA) 4 weeks earlier. We hypothesized that ARVD patients could have a particularly atherogenic lipoprotein profile that could contribute to accelerated CV disease. In addition, to examine the potential role of the renin-angiotensin system in lipoprotein abnormalities, we analyzed whether antihypertensive treatment with the angiotensin II (Ang II) receptor antagonist candesartan influenced lipoproteins during an 11-month follow-up.
Subjects and Methods

Study Participants
Patients were recruited from the (CAndesartan in RenaL Artery Stenosis) study program, a randomized, open, investigatorinitiated trial in which the effects of the Ang II receptor blocker (ARB) candesartan was examined in patients with ARVD who had undergone treatment with PTRA with or without stenting. This study was carried out at two Swedish centers (Department of Nephrology at Sahlgrenska University Hospital in Gothenburg, and Department of Vascular Diseases at Malmö University Hospital) and has been described previously, and the inclusion and exclusion criteria have also been presented [17] . In brief, indications for renal angiography were hypertension (accelerated, refractory, malignant or with intolerance to medication) or progressive increase in plasma creatinine concentrations (unexplained or during treatment with an angiotensin-converting enzyme (ACE) inhibitor or an ARB), or recurrent hypertensive pulmonary edema, together with a positive screening test for RAS. A significant RAS was defined as a lesion with a trans-stenotic mean arterial pressure gradient (MAPG) of at least 10 mm Hg, or 1 50% diameter stenosis on angiography in those cases in which the MAPG was not measured because of technical difficulties due to highgrade stenosis and luminal occlusion during the procedure. The procedures of renal angiography and PTRA have been described previously [17] .
In the CARLAS study, eligible patients with remaining hypertension (trough BP 1 130/80 mm Hg) 4 weeks after PTRA, underwent simple randomization (n = 64), in an open fashion, to antihypertensive treatments based on either candesartan (ARVD-CAN group) or a regimen without inhibitors of the renin-angiotensin-aldosterone system, i.e. ACE inhibitors, ARBs, renin inhibitors or aldosterone receptor antagonists (ARVD-C (control) group). The randomization procedure was carried out by the use of sequentially numbered, opaque, sealed envelopes. The targeted candesartan dose was 16 mg daily and the trough BP goal was ^ 130/80 mm Hg. All patients had discontinued treatment with inhibitors of the renin-angiotensin-aldosterone system at least 6 weeks prior to randomization, i.e. 2 weeks before PTRA. In addition, all patients had been on treatment with hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitors (i.e. statins) for at least 6 weeks prior to randomization and this treatment was maintained throughout the study period. The Ethics Committees of the Universities of Gothenburg and Lund approved the study and all participants gave their written consent to participate.
Protocol
We investigated lipid abnormalities in a subgroup of 42 ARVD patients from the CARLAS study program at the time of randomization (baseline) 4 weeks after PTRA (see fig. 1 for protocol overview). These patients were selected as they were the only participants with a sufficient amount of appropriately collected and stored plasma for lipid analyses (see 'Biochemical Analyses'). All patients were from the center at Sahlgrenska University Hospital in Gothenburg. At 6 weeks prior to randomization, 20 patients were already on treatment with statins and continued with the same drug and dose throughout. In the remaining 22 patients, treatment with simvastatin was started at this time point with a daily dose of 20 mg that was maintained throughout. At randomization, 29 patients used simvastatin (average daily dose 19 mg), 8 used pravastatin (average daily dose 30 mg) and 5 used atorvastatin (average daily dose 42 mg). No patient was treated with lipid-lowering drugs other than statins. In addition, 20 age-matched healthy subjects from the general population without any medications were examined at one time point and served as controls.
Following randomization to group ARVD-CAN (n = 21) or group ARVD-C (n = 21), the patients were followed for 11 months at which time point new lipid analyses were carried out ( fig. 1 ). Lipid analyses were only performed in 32 of 42 patients at 11 months (16 patients from each group) due to 3 deaths, 2 individuals ended their participation, and in 5 patients there was an insufficient amount of plasma. Hence, when examining the effects of randomization, analyses were performed on 16 patients per group.
Measurements
Systolic (SBP) and diastolic (DBP) blood pressure (BP) were measured in a sitting position after 5 min rest in the morning before drug intake. Ambulatory (24 h) SBP (ASBP) and DBP (ADBP) were measured by an ambulatory BP system (Model 90217, Spacelabs Healthcare). Estimated glomerular filtration rate (eGFR) was calculated according to the 4-variable equation from the Modification of Diet in Renal Disease (MDRD) study [18] .
Biochemical Analyses
Standard laboratory methods at the Department of Clinical Chemistry at Sahlgrenska University Hospitals (SWEDAC approved according to European norm 45001) were used for routine analyses. Plasma renin activity (PRA) was determined by radioimmunoassay (Abbot Diagnostics, South Pasadena, Calif., USA), the interassay coefficient of variation was 8.8%.
Venous blood for analyses of lipids, lipoproteins and apolipoproteins was collected into ethylenediaminetetraacetate-containing vacutainer tubes after an overnight fast and with individuals in the recumbent position. Plasma samples were recovered by low-speed centrifugation for 10 min at 4 ° C. A preservative solution (0.13% e-aminocaproic acid and 0.1% thiomerosal) was added (10 l/ml) to all plasma samples and samples were frozen at -70 ° C until shipped on dry ice by air express mail to the Lipid and Lipoprotein Laboratory, Oklahoma Medical Research Foundation for analyses. Total cholesterol (TC), triglycerides (TG), and HDL-cholesterol (HDL-C) were determined by standardized enzymatic procedures as described previously [19] . Very-low-density lipoprotein cholesterol (VLDL-C) was assumed to equal onefifth of the plasma TG concentration, and LDL cholesterol (LDL-C) levels were calculated by the procedure of Friedewald et al. [20] . Measurements of ApoA-I, ApoB, ApoC-III and ApoE and the quantification of ApoC-III bound to ApoA-containing (HDL) and ApoB-containing (VLDL + LDL) lipoproteins, performed on heparin Mn 2+ supernates (ApoC-III heparin manganese supernate) and heparin Mn 2+ precipitates (ApoC-III-heparin manganese precipitate), were carried out as described previously [9, 19] .
Plasma concentrations of LpA-I and LpA-I:A-II subclasses of high-density properties were determined by a differential electroimmunoassay [21] . Determination of plasma levels of individual ApoB-containing lipoprotein subclasses, LpB, LpB:C, LpB:C:E, and LpAII:B:C:D:E, was performed by sequential immunoaffinity chromatography of ApoB-containing lipoproteins as previously described [22] . Methods for analyses of plasma lipids, apolipoproteins and lipoprotein subclasses have been described elsewhere in detail [9, 22, 23] .
Statistics
Differences between groups were evaluated with the MannWhitney U test and the 2 test. The Wilcoxon signed-rank test was used for within-group analyses. Multiple linear regression analysis was used to examine the association at baseline between apolipoproteins or lipoproteins and demographic, clinical and laboratory variables. Variables that were significantly correlated were included in multiple regression models and analyzed by ANOVA. All tests were two-tailed and p ! 0.05 was considered significant. Data are presented as means 8 SD. Software SPSS 17.0 (SPSS Inc., Chicago, Ill., USA) was used.
Results
Patient Characteristics at Baseline, ARVD versus Healthy Controls
Baseline characteristics in patients with ARVD 4 weeks after PTRA and in healthy controls are shown in table 1 . Ambulatory SBP and DBP, serum creatinine concentrations, leukocyte count, fasting plasma glucose concentrations, and urinary albumin excretion (UAE) were significantly elevated in patients with ARVD compared to controls (p ! 0.05; table 1 ). In addition, eGFR was significantly reduced in ARVD patients compared to controls (p ! 0.05; table 1 ). Four of 42 ARVD patients had a diagnosis of type 2 diabetes. Still, fasting plasma glucose levels were significantly elevated in ARVD patients even Patients with ARVD (n = 42) were subjected to baseline measurements at the time of randomization 4 weeks after PTRA. Following randomization to treatments based on either candesartan (ARVD-CAN group, n = 21), or a treatment regimen without inhibitors of the renin-angiotensin-aldosterone system (ARVD-C group, n = 21), patients were followed for 11 months at which time point new analyses were carried out. However, measurements were only performed on 32 patients at 11 months (16 patients per group, see 'Subjects and Methods'). In all patients, treatment with inhibitors of the renin-angiotensin-aldosterone system was discontinued 2 weeks before renal angiography, i.e. 6 weeks prior to randomization. At this time point all participants who were already not on statins started treatment with simvastatin (see 'Subjects and Methods').
when patients with type 2 diabetes were excluded from the analyses (5.5 8 1.1 vs. 4.6 8 0.8 mmol/l, p ! 0.05).
The median value in UAE in ARVD patients was 18 mg/ day and the maximal value was 1,485 mg/day. There were no significant differences between groups in age, BMI or PRA ( table 1 ) . All patients with ARVD were investigated with color duplex sonography 4 weeks after PTRA and none of the patients showed signs of restenosis.
Plasma Lipids, Apolipoproteins and Lipoproteins at Baseline, ARVD versus Healthy Controls
Patients with ARVD had reduced levels of TC, LDL-C and HDL-C compared to healthy controls, whereas VLDL-C and TG were elevated (p ! 0.05; table 2 ).
Patients with ARVD had significantly increased plasma concentrations of ApoC-III, ApoC-III-HS and ApoC-III-HP compared to healthy controls (p ! 0.05), whereas the ratio between ApoC-III-HS and ApoC-III-HP was not significantly altered ( table 3 ) . Similarly, plasma ApoE levels were elevated in ARVD patients (p ! 0.05; table 3 ). There was no statistically significant difference between groups in ApoA-I and ApoB plasma concentrations or in the ApoB/ApoA-I ratio ( table 3 ) . The ratio between ApoA-I and ApoC-III was clearly reduced in patients with ARVD compared to in healthy individuals (p ! 0.05; table 3 ).
There were no statistically significant differences between groups in ApoA-containing lipoprotein subclasses LpA-I and LpA-I:A-II ( table 4 ) . Regarding ApoB-containing lipoprotein subclasses, ARVD patients showed elevated levels of LpB:C:E (p ! 0.05) compared to healthy controls ( table 4 ) . Levels of LpB:C and LpA-II:B:C:D:E tended to be elevated in ARVD patients but did not reach statistical significance ( table 4 ) . However, the sum of all ApoC-III-containing lipoproteins (i.e. LpB:C + LpB:C:E + LpA-II:B:C:D:E) was significantly elevated in ARVD patients compared to healthy controls (p ! 0.05; table 4 ).
To assess the impact of diabetes on lipids, apolipoproteins and lipoproteins, data were also analyzed statisti- T C = Total cholesterol; HDL-C = high-density lipoproteincholesterol; LDL-C = low-density lipoprotein-cholesterol; VLDL-C = very-low-density lipoprotein-cholesterol; TG = triglycerides. Values are means 8 SD. * p < 0.05. 
Multiple Regression Analyses in ARVD Patients
As the most striking findings were increases in ApoC-III and ApoC-III-containing lipoproteins in patients with ARVD, we analyzed which variables were significantly correlated with ApoC-III. Only ASBP, ADBP and PRA were significantly correlated to ApoC-III, and these variables were included in a multiple regression analysis as predictors. In this model only PRA was significantly associated with ApoC-III (p ! 0.001, r = 0.74; fig. 2 ). Similarly, ASBP, ADBP and PRA were significantly correlated to ApoC-III-HS and when included in a multiple regression model only PRA showed a significant association (p ! 0.001). In addition, the only variable that was significantly correlated with ApoC-III-HP was PRA (p ! 0.05). Notably, ApoC-III was not correlated to age, BMI, fasting plasma glucose, serum creatinine, eGFR, UAE, leukocyte count or serum albumin levels.
Effects of Candesartan, ARVD-CAN versus ARVD-C
At the time of randomization, there was no statistically significant difference between the ARVD-CAN and ARVD-C groups in age, gender, the proportion of diabetics or smokers, or in any of the other investigated variables ( tables 5 , 6 ) . Trough SBP at baseline was 160 8 23 and 156 8 21 mm Hg, and trough DBP 88 8 13 and 82 8 9 mm Hg, in the ARVD-CAN and ARVD-C groups, respectively.
In the ARVD-CAN group, ASBP and ADBP were significantly reduced 11 months after randomization compared to baseline values (p ! 0.05; table 5 ); although reductions were not significantly different from those in the ARVD-C group ( table 5 ) . ARVD-CAN showed a significantly more pronounced increase in serum creatinine concentration, and reduction in eGFR, compared to ARVD-C (p ! 0.05; table 5 ).
Candesartan treatment had no significant effects on ApoC-III or ApoC-III-containing lipoproteins ( table 6 ). In the ARVD-CAN group, there were small but statistically significant reductions in ApoA-I (142 8 10 vs. 136 8 13 mg/dl, at baseline and after 11 months, respectively, p ! 0.05) and LpA-I (35 8 4 vs. 33 8 4 mg/dl, at baseline and after 11 months, respectively, p ! 0.05) that were significantly different (p ! 0.05) from those in the ARVD-C group in which these variables were unaltered 11 months after randomization (data not shown). There were no statistically significant differences between groups in any of the other investigated variables.
Discussion
The main finding of the present study was that hypertensive patients with ARVD who had gone through PTRA 4 weeks earlier had increased plasma concentrations of TG, VLDL-C, ApoC-III and ApoC-III-containing lipoproteins compared to healthy controls in spite of ongoing treatment with statins. Notably, ARVD patients showed elevated plasma levels of ApoC-III and ApoC-III-containing lipoproteins even though concentrations of TC and LDL-C were significantly reduced most likely as a consequence of ongoing treatment with statins. The ApoC-III-containing lipoproteins that in addition to ApoB also contain ApoC-III have triglycerides as their major lipid constituent and are generally referred to as triglyceride-rich. The lipoprotein abnormalities in ARVD patients show similarities to the renal dyslipidemia described in patients with CKD and reduced GFR that is characterized by increased levels of triglyceride-rich ApoB-and ApoC-containing lipoproteins that typically express ApoC-III [7, 8] . However, in contrast to patients with CKD in which specifically LpB:C particles are highly increased [22] , ARVD patients showed an increase mainly in LpB:C:E. Abnormalities in the spectrum and composition of individual lipoprotein particles in renal dyslipidemia are present in both normolipidemic and hyperlipidemic CKD patients and can be detected already when kidney function is moderately reduced [16, 24] . De Boer et al. [24] detected a significant association between cystatin C levels and lipoprotein ab- Table 5 . Ambulatory blood pressure, kidney function and lipids at baseline and 11 months after randomization normalities in patients with eGFR 1 60 ml/min/1.73 m 2 . In the present study, eGFR averaged 59 ml/min/1.73 m 2 in ARVD patients, and it is possible that reduced GFR could have contributed to dyslipidemia. Still, using multiple regression analysis we could not detect a significant association between eGFR and ApoC-III levels in ARVD patients, suggesting that other mechanisms were also involved. Plasma ApoC-III levels have been shown to be elevated in type 2 diabetic patients [25] . In the present study, only 4 of 42 patients with ARVD had diabetes type 2 and statistical analyses of the data after excluding these patients produced identical results clearly indicating that lipoprotein abnormalities in ARVD patients were not caused by diabetes. Similarly, we did not detect a significant correlation between fasting plasma glucose concentrations and ApoC-III in the present study. This could be explained by the low number of diabetic patients and the fact that glucose levels were within the normal range in the vast majority of patients.
It should be emphasized that all ARVD patients were on statin treatment in the present study and that this could have masked underlying lipoprotein abnormalities. Previous studies have shown that statin treatment effectively reduces cholesterol-rich ApoB-containing lipoproteins including their characteristic lipid and apolipoprotein constituents (TC, LDL-C, ApoB, and ApoE) in CKD patients [19, 22] as well as in other patient groups [26, 27] . However, statins are much less effective in reducing triglyceride-rich ApoB-and ApoC-containing lipoproteins such as LpB:C and LpB:C:E and their constituents VLDL-C, TG, and ApoC-III [19, 22] . Although the present study was not designed to examine the effects of statins on lipoprotein abnormalities, our results are in agreement with earlier findings and suggest that statin treatment does not normalize triglyceride-rich ApoBand ApoC-III-containing lipoproteins in ARVD patients.
To our knowledge, only one previous study by Scoble et al. [4] has specifically investigated lipid abnormalities in ARVD patients, although lipoprotein subclasses were not analyzed. These investigators found markedly reduced ApoA-I levels and as a consequence a lower ApoA-I/ApoB ratio in patients with ARAS who were not on lipid-lowering therapy, compared to matched control patients. Notably, in that study controls were matched for renal function and had similar serum creatinine levels as ARAS patients. This may explain why there were no significant differences between groups in TG or HDL levels, which are usually observed in renal dyslipidemia.
Considering that CV disease is the major cause of death in patients with ARVD [2] it is intriguing that lipoprotein abnormalities in ARVD patients on statin treatment in the present study have previously been shown to be atherogenic [28] [29] [30] [31] . In the Monitored Atherosclerosis Regression Study (MARS), elevated levels of ApoB-and ApoC-containing triglyceride-rich lipoproteins, and ApoC-III, contributed significantly to the progression of coronary artery disease as evaluated by sequential coronary angiography [29] . In addition, in the Cholesterol And Recurrent Events (CARE) trial increased ApoC-III concentration in VLDL and IDL was a strong predictor of coronary events [30] . Furthermore, recent analyses from the Hoorn study showed that an increased plasma ApoC-III concentration independently was associated with cardiovascular mortality [31] . In the current study, both total ApoC-III and ApoC-III-HP (i.e. ApoC-III in triglyceride-rich VLDL+LDL) were elevated in ARVD patients and these alterations may play a pathophysiological role both in the development of dyslipidemia and in the vascular disease process in these individuals. ApoC-III is a major regulator of lipolysis primarily by inhibiting endothelial-bound lipoprotein lipase, the principal enzyme necessary for the hydrolysis of triglyceride-rich lipoproteins [32] . Thus, the finding of increased ApoC-III levels in the present study may reflect the accumulation of intact and partially metabolized ApoB-and ApoC-containing lipoproteins due to a retarded catabolism of these lipoproteins. In addition, increased ApoC-III per se may promote the development of atherosclerosis by stimulating the activation and adhesion of peripheral monocytes to endothelial cells [33, 34] and by impairing endothelial insulin signaling and endothelium-dependent relaxation [35] . A potentially effective therapy in patients with ARVD would be the combination of statins with fibrates, although other combination therapies could also be considered. Fibrates and other peroxisome proliferator-activated receptor (PPAR) agonists have the potential to beneficially affect the catabolism of triglyceride-rich ApoBand ApoC-containing lipoproteins [36] . For instance, Schuster et al. [37] found that tesaglitazar, a dual PPAR alpha/gamma agonist, markedly reduced triglyceriderich lipoproteins in nondiabetic subjects with insulin resistance. However, tesaglitazar was withdrawn from clinical development due to side effects. Thus, although PPAR agonists have the potential to correct dyslipidemia in ARVD, this hypothesis, and the impact on clinical endpoints need to be tested in clinical trials.
In the present study there was a significant association between PRA and ApoC-III levels in ARVD patients, suggesting that an activation of the renin-angiotensin system could increase ApoC-III. Still, treatment with candesartan for 11 months did not significantly influence plasma levels of ApoC-III or ApoC-III-containing lipoproteins, indicating that Ang II, via the Ang II type-1 receptor, was not causatively involved. However, the number of randomized patients in the present study was small and larger studies are warranted.
In conclusion, patients with ARVD showed elevated levels of triglyceride-rich ApoC-III-containing lipoproteins and increased ApoC-III in spite of ongoing treatment with statins. These lipoprotein abnormalities, which were not corrected by candesartan treatment, have previously been shown to be atherogenic and may contribute to progressive atherosclerosis in ARVD patients.
